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Abstract. The potential of agriculture to maintain or even further intensify production to meet the food and fibre
needs of increasing populations without degrading the capacity of the resource base is a major concern world-
wide. This review briefly assesses options for the ecological intensification and increased resilience in agro-pas-
toral systems from the dual perspectives in the southern and the northern Mediterranean by providing exam-
ples of successful case studies. Despite the significant disparities in demographic, economic and agricultural
land utilization patterns between countries in the north and south Mediterranean, improved animal and crop pro-
duction is a shared priority with lesser concerns for preserving the natural resources in the southern part of the
basin. While intensification may be a more achievable target in favourable areas of the northern Mediterranean,
it is crucial to increase the resilience of resource poor agro-pastoral systems through sustainable management
in the arid regions of the southern part. As the pressures on land and water resources increase, the major chal-
lenge today is how to achieve ecological intensification to be able to sustain the food security without compro-
mising the environmental quality and natural resources that underpin crop and livestock production in the
Mediterranean region. Fundamentally, ecological intensification is closely associated with increased efficiency
and successful adjustment of seasonal herd management to available feed resources in agro-pastoral systems.
Concomitantly, livestock can be used as a tool for the preservation of the natural resources, either by adapting
management in conventional systems or through the design of new environmentally-targeted production sys-
tems. In addition, in mixed farming systems of the Mediterranean region, inclusion of locally available improved
forage legumes in cropping rotations and the use of alternative fodder plants like shrubs and cactus in alley
cropping system particularly in marginal areas to increase the availability of high quality feed resources are
among the most viable options to achieve diverse and resilient agro-pastoral systems.
Keywords. Crop/livestock farming – Dryland forage legumes – Mediterranean agriculture – Rangelands –
Sustainable intensification.
Des systèmes agro-pastoraux variés et résilients: un objectif commun pour les régions méditerra-
néennes
Résumé. La possibilité de maintenir, voire d’intensifier, la production agricole sans dégrader les ressources
naturelles, afin de répondre aux besoins alimentaires d’une population en constante augmentation, est une
préoccupation mondiale majeure. Cette revue évalue brièvement, grâce à des études de cas réussies, diffé-
rentes options permettant d’atteindre une intensification écologique et une augmentation de la résilience
dans les systèmes agro-pastoraux avec une double perspective au sud et au nord de la Méditerranée.
Malgré d’importantes disparités démographiques et économiques, ainsi que des différences dans les modes
d’utilisation des terres agricoles entre les pays du nord et du sud de la Méditerranée, l’amélioration de la pro-
duction agricole est une priorité partagée, avec toutefois des préoccupations plus faibles concernant la pré-
servation des ressources naturelles dans la partie sud du bassin. Alors que l’intensification agricole peut être
plus facilement atteignable dans les régions prospères du nord de la Méditerranée, il est crucial de renforcer
la résilience des systèmes agropastoraux du sud à travers une gestion durable des régions arides. Étant
donné l’augmentation des pressions qui pèsent sur les terres arables et l’eau, le principal défi actuel est de
parvenir à une intensification écologique afin de maintenir la sécurité alimentaire sans compromettre la qua-
lité de l’environnement et des ressources naturelles qui sont à la base de la production végétale et de l’éle-
vage dans la région méditerranéenne. Fondamentalement, l’intensification écologique est étroitement asso-
ciée à une efficacité accrue et à une adaptation réussie de la gestion saisonnière du troupeau par rapport
aux ressources alimentaires disponibles dans les systèmes agro-pastoraux. De manière concomitante, le
bétail peut être utilisé comme un outil pour la préservation des ressources naturelles, soit en adaptant la ges-
tion dans les systèmes conventionnels, soit par la conception de nouveaux systèmes de production respec-
tueux de l’environnement. En outre, dans les systèmes agricoles mixtes de la région méditerranéenne, l’in-
tégration, dans les rotations culturales, de légumineuses fourragères améliorées et disponibles localement,
et l’utilisation de plantes fourragères alternatives, comme les arbustes et les cactus, dans les systèmes de
culture en couloirs pour accroître la disponibilité des ressources alimentaires de haute qualité, sont parmi les
options les plus viables pour réussir à avoir des systèmes agro-pastoraux diversifiés et résilients.
Mots-clés. Systèmes de culture/élevage – Légumineuses fourragères en région aride – Agriculture méditer-
ranéenne – Pâturages – Intensification durable.
I – Introduction
The Mediterranean region has unique agro-ecosystems with a prevalence of vegetation adapted
for arid and semi-arid conditions (Kassam, 1991; Harlan, 1992). Ever since settled agriculture star -
ted with the establishment of diverse farming communities, agriculture has been in constant chan -
ge in the Mediterranean region, albeit with diverging patterns in the northern and southern shores
(Landau et al., 2000). In the northern part of Mediterranean, traditional crop-livestock farming that
used to be extensively practiced over large areas has evolved into more intensive and highly pro-
ductive crop based agriculture, but often while damaging natural resources (Pretty, 1995). As a
result of the increased focus on cropping, the reduced number of livestock in turn caused aban-
donment of vast grasslands resulting in widespread bush encroachment (Landau et al., 2000;
Bernués et al., 2011). Whereas in the southern part, the rapid increase in human and livestock
populations has led to more intensive land use with an unrelenting exploitation of natural
resources, particularly the rangelands (Hopfenberg and Pimentel, 2001; Le Houerou, 2000; Ates
and Louhaichi, 2012). Socio-economic and political factors are distinctly different in both parts of
the basin, and have also played a significant role in forming the structure of the existing agricul-
tural practices (Aw Hassan et al., 2010).
The current agro-ecological, environmental and socioeconomic conditions pose a major chal-
lenge to increase production and to ensure food security without further degrading the capacity
of the resource base. The scale and the type of the challenge may vary in different parts of the
region depending upon the power of these prevailing conditions that determines the potential of
agricultural production and its sustainability. Gloomy predictions on the impact of population
increase, climate change and unsustainable resource management indicate that the constraints
on land and feed supply will become increasingly evident in mixed crop-livestock and grazing
sys tems in the region (World Bank, 2008). There is a general consensus that competition for
grains between humans and livestock, diminishing capacity of rangelands and trade-offs bet -
ween crop stubbles for animal feed, soil fertility and biofuels are likely to increase the pressure
on livestock production in both high and low input systems (Ben Salem and Smith, 2008; Correal
et al., 2006; Aw Hassan et al., 2010; Smith et al., 2013).
Given these worsening constraints on the agricultural resources and the unrelenting pressure on
land use, substantial attention has been drawn to improving and sustaining the productivity of
crop and animal production (Lal, 2002). In the context of the Mediterranean region, the concept
of sustainability has to be considered as a function of whole production system and highly asso-
ciated with appropriate management of rangelands and inclusion of forage legumes in rotation
with cereal crops (Ryan et al., 2008; Aw Hassan et al., 2010; Ates et al., 2013). Forage based
feeding can decrease the cost of animal production and reduce the pressure on degraded range-
lands (Rihawi et al., 2010; Ates and Louhaichi, 2012). However, the area dedicated to forage pro-
duction has generally been declining as the area of annual cropping of wheat and barley required
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for human consumption and feed for livestock has increased, thereby downgrading the impor-
tance of forages at the expense of efficient livestock and sustainable crop productions (Ghassali
et al., 1999; Ryan et al., 2008). 
Despite the inherent fragility of Mediterranean ecosystems and deep-rooted challenges con-
cerning the crop-livestock farming in the region, crop-livestock production can be improved and
managed sustainably with appropriate practices (Stewart and Robinson, 1997; Ben Salem and
Smith, 2008; Rihawi et al., 2010). This paper reports several examples of successful case stud-
ies in two sections that draw results together on the options for (i) ecological intensification of live-
stock production systems in the northern Mediterranean and (ii) increased sustainability and
resilience in the southern Mediterranean.
II – Ecological intensification of livestock production systems
in the northern Mediterranean
Ecological intensification of agricultural systems has been recently defined by Hochman (2013)
as producing more food per unit resource use, while minimising the impact on the environment.
In the case of livestock production systems, Dumont et al. (2013) suggested that for complying
with both premises, sustainable systems should be based on: adopting management practices
for improved animal health, decreasing both inputs and pollution, enhancing diversity within farm-
ing systems to strengthen their resilience and preserving biological diversity by adapting man-
agement practices. Notwithstanding, economic performance is the key to farm survival in the
short term, and ultimately these practices will only be implemented if they are not detrimental to
farmers’ income, and especially if an economic benefit can be achieved (Swift et al., 2004), either
directly or through stewardship payments. Recently, Firbank et al. (2013) demonstrated that such
goals were achievable for British farms, which were able to increase both food production and
ecosystem services, while receiving public payments through agri-environment schemes.
1. Matching livestock management to feed resources
Technically efficient and sustainable livestock systems need to match animal genotype and man-
agement to the available feed resources (Adams et al., 1996), in order to achieve the highest pos-
sible self-sufficiency, which is crucial for economic profitability and stability of farms (Ripoll-Bosch
et al., in press). This may become even more important in the future if relations between inputs and
productivity keep changing (along with resource availability and price), because it enables the sys-
tem to cope with potential socio-economic and climate-induced hazards (Bernués et al., 2011). This
can be achieved through adequate livestock feeding and reproductive management, ensuring that
the available resources are enough to meet animal requirements throughout the production cycle.
The seasonality of forage availability is a common characteristic of most extensive systems, and
consequently, livestock undergo a cycle of mobilization or accumulation of body reserves during
the year. Knowledge of the factors affecting animal performance during the grazing season is
needed to design the management calendar that best matches the animal needs to the availabil-
ity of forage. This includes the choice of lambing/calving and weaning dates, and the provision of
supplements when needed. For example, in cattle farming systems in dry Mediterranean moun-
tain areas, Casasús et al. (2002) showed that cow gains on pasture were higher in autumn- than
in spring-calving cows, which resulted in better reproductive performance (shorter postpartum
anestrous interval (Sanz et al., 2004)) (Fig. 1). In addition, the use of forest pastures was optimally
integrated into the autumn-calving system, with cows weaned at the end of the winter when they
have low maintenance requirements and are better able to deliver nutrients obtained from spring
pasture for the recovery of body reserves. This option can be further enhanced by the early wean-
ing of calves born in late autumn (from 3 months of age), with no impairment of future calf per-
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formance (Blanco et al., 2009). Spring-calving cows only used these pastures during the autumn,
when pasture quality was low and only enough to maintain pregnancy and maternal weight.
Apart from enhancing production efficiency, optimizing economic performance of extensive live-
stock systems can also be achieved by increasing the added value of products. In fact, society
is increasingly concerned about environmentally-friendly and ethical livestock production and
product nutritional quality (Bernués et al., 2012), and there is evidence that pasture or forage-
based diets can improve environmental, ethical and human health outcomes, compared to feed-
lot systems (Entz et al., 2002; French et al., 2000). The choice of pathways to obtain these prod-
ucts will depend on aspects such as the available resources, their seasonal production, or the
commercial product types preferred by consumers and retailers in a given area.
Several options have been tested for beef and lamb as alternatives to conventional, intensive fin-
ishing on concentrates (feedlots), comparing different forage resources that could be included in
fattening diets. Lambs suckled on spring mountain pastures from birth to slaughter (3 months of
age) had similar growth performance (Álvarez-Rodríguez et al., 2007), better meat nutritional
quality (Panea et al., 2011) and lower production costs than their conventionally produced coun-
terparts. Concerning beef production, heifer finishing diets based on maize silage reduced feed-
ing costs per kg gain up to 13%, while weight gains, carcass and meat quality were similar to
those of ad libitum concentrate-fed animals (Casasús et al., 2012). Raising entire males on alfal-
fa pastures (+2 kg/d barley) yielded lower daily gains, similar carcasses but better economic mar-
gin (Blanco et al., 2011) and meat nutritional quality (Blanco et al., 2010) than conventional con-
centrate feeding. Different feeding systems have also been designed for the production of steers
on mountain pastures (Blanco et al., 2012), and the available results suggest that there is an
opportunity to produce products of a superior quality from systems that include a high proportion
of forages. There are even particular methods that allow retailers and consumers to trace ani-
mals raised in different production systems, based on the accumulation of pigments from forages
in different animal samples (Blanco et al., 2011). Both the distinctive quality and the good prac-
tices implemented in these ecologically intensified systems can set the grounds for the develop-
ment of novel products led by consumer feed-back.
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Fig. 1. Patterns of weight change through the annual cycle of autumn- and spring-calving cows in dry
Mediterranean mountain areas [adapted from Casasús et al. (2002)].
2. Using livestock as a tool for environmental management
The complex interactions between domestic animals and their habitat are not always synergetic,
and there is increasing global concern about the detrimental effect that certain livestock produc-
tion systems can have on the environment (Steinfeld et al., 2006). But some practices can have
positive impacts on environmental management and conservation. Such is the case for the north-
ern Mediterranean agro pastoral farming systems, where the positive role of livestock in modu-
lating the landscape is well recognized. However, these systems have gone through significant
changes in recent decades, namely decreasing animal numbers and intensification of farming
practices, with the concomitant abandonment of large extensively grazed areas (Bernués et al.,
2011). The latter is associated with pasture encroachment, and multiple implications on the eco-
logic values of these areas, such as the colonization of open spaces by a reduced number of
competitive shrub species, loss of biodiversity and increased environmental risks.
In this context, adequately managed livestock grazing can control shrub encroachment, preserv-
ing the open structure of shrub and forest pastures in the Mediterranean (Landau et al., 2000).
However, its effectiveness may depend on the vegetation type and current succession status, as
well as, on the actual pastoral management and on the socio-economic environment that sur-
rounds livestock farming systems. In order to assess these factors, two similar studies analyzed
the effect of livestock on the under-story vegetation in dry Mediterranean mountain forests under
different conditions. Changes in herbaceous and shrub vegetation were studied in the presence
or absence of livestock, firstly in a pine forest area grazed by cattle at a moderate stocking rate,
steadily maintained for a long time. It was concluded that a moderate stocking rate succeeded in
preventing shrub encroachment and the accumulation of low-quality, dead inflammable herba-
ceous vegetation, which were present in the grazing-excluded sites after 5 years (Casasús et al.,
2007). A second experiment was conducted in a natural park in the nearby, where the abandon-
ment of extensive grazing of the natural pastures had been identified as a common pattern in
many of the existing livestock farms (Riedel et al., 2007). In this second study, sites grazed by
sheep or cattle at very low stocking rates and excluded areas were compared. In contrast with the
previous study, the observed stocking rates and management regimes were enough to maintain
herbage resources but not to prevent shrub encroachment (Riedel et al., 2013). Therefore, further
reductions in grazing pressure should be avoided in these conditions, and specific supporting
schemes were suggested to promote more intensive livestock utilization of these pastures.
Two study cases will be presented to illustrate how livestock can be used as a tool for landscape
management, either by specifically designing new environmentally-targeted production systems,
or by adapting management in conventional systems to attain these objectives.
Case 1: Based on studies suggesting that Mediterranean woodlands can sustain a viable beef
herd throughout the year with moderate supplementation (Henkin et al., 2005), a pilot study was
conducted to check the feasibility of using beef cattle for environmental management in the afore-
mentioned natural park. In a forest area without any pastoral use, a 25-cow Pirenaica beef herd
was settled in a 464 ha range, and a management system adapted to natural pastures on offer
through the year was designed (i.e. calving in October, weaning in March). The herd grazed for-
est pastures and dry grassland all year round, on cultivated crops in the winter and summer, and
was offered forage supplementation in early lactation. A study of their diets and site preferences
throughout the year indicated that the cattle devoted most of their grazing time to grasslands
(49%), followed by forage crops (33%) and then browsing shrubs (18%). However, there were
large seasonal differences in the selected diets, according both to nutritional requirements and
the availability of the different forage resources. For example, fodder crops were highly grazed in
the summer, while duration of grazing on browse was higher in the autumn and winter (up to 68%
of the diet in January), when other resources were scarce (Casasús et al., 2009). In the medium
term, this consumption pattern prevented pasture shrub encroachment. The reproducibility of the
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system was assessed, as cattle coped with the highly heterogeneous spatial and temporal pas-
ture availability at the expense of large variations in body reserves throughout the year without
impairing their technical performance. It was demonstrated that the system was able to provide
an adequate economic output and an environmental goal at the same time.
Case 2: It is not uncommon for livestock farming systems to co-exist with other economic activ-
ities using, at least partly, the same resources, which may generate some synergies, but also
competition. This is the case of some European mountain areas, where tourism and farming
activities can interact (García-Martínez et al., 2009), such as in ski stations containing alpine pas-
tures used by livestock during the summer. A study conducted in the surroundings of a Pyrenean
ski resort indicated that farming systems were similar to those of other neighbouring areas,
except for some practices that reduced the farm workload in the winter to allow more time for
tourism-related activities. Farmers were aware of the beneficial effect of the ski station on the val-
ley and that, in turn, it profited from the ecosystem services provided by livestock grazing in sum-
mer (Casasús et al., 2014). In an attempt to measure and enhance this mutual benefit, a study
was conducted to analyze the spatial and temporal use of pasture by cattle in the ski station. The
extent and intensity of grazing differed among vegetation types, due to their pastoral value and
geographical location (Casasús et al., 2013). Corrective measures were suggested where need-
ed, involving either a different grazing management or the provision of infrastructures to ensure
the most appropriate use of each vegetation type. The objective was to enable optimal livestock
performance and avoid non-grazed stubble that would compromise the stability of the snowpack
in the winter, strengthening the synergies between the tourism and agricultural activities.
III – Improving the sustainability and resilience of livestock
production systems in the southern Mediterranean
In the region, rangelands represent the single largest land use type, covering over two-thirds of
the total land area. Historically, the primary use of these rangelands was to provide forage for
livestock and wildlife. In the southern part of the Mediterranean the majority of these grazing
lands are either state or communally-owned. The significance of land ownership is important in
the development of the policies and programs that are urgently needed to minimize the impacts
of grazing land management and global climate change. Since the natural resources are in
steady deterioration due to numerous anthropogenic and environmental factors, it is best to find
alternative options which directly or indirectly minimize their decline and perhaps encourage their
rehabilitation. Historically, in the south of the Mediterranean region, the effort to increase food and
cash crops, arising from food security concerns, has caused conversion of large areas of range-
lands to low input and low output crop production (Dixon et al., 2001; Nefzaoui, 2004). A viable
strategy to reduce the pressure on the rangelands and overcome widespread feed shortages is
to encourage fodder production through including forage legumes into rotations with cereal
crops. Intensification of forage production will help farmers grow greater amounts of fodder for
the livestock at lower costs and help meet the feed gap.
1. Agro-forestry for sustainable crop-livestock systems in drylands:
alley cropping
Alley cropping, also known as intercropping, is an agroforestry system where rows of crops are
cultivated alongside rows of trees or shrubs. Alley cropping with barley/saltbush (Atriplex hal-
imus) is a common practice in the semi-arid southern Mediterranean region (Ben Salem, 2010).
Diversifying the production systems has several benefits that are expressed on various space
and time scales, from a short-term increase in crop yield and quality, to longer term agro-ecosys-
tem sustainability, including societal and ecological benefits (Faravani et al., 2010).
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Generally, forage species are chosen to meet deficiencies in the grazing system based on natu-
ral vegetation. The major deficiency in rangeland-based systems is usually the ability of the graz-
ing land to provide either enough quantity or quality of feed to meet the productive needs of the
grazing animal. Thus, the selection of species must be according to the objective of the intercro -
pping systems, so that the different species occupy different niches in ecological time and space.
In the south of the Mediterranean basin, several native and introduced species have been eval-
uated. Of particular benefit is the Mediterranean saltbush (Atriplex halimus) which alleviates feed
shortages that occur during fall and during periods of drought. Alley cropping of barley and
Mediterranean saltbush provides not only yield advantages for the barley, but also extra feed
from the saltbush for the livestock (Ghassali et al., 2011). Alley cropping provides an opportunity
to carry significant amounts of feed in situ into a period of deficit. However, the integration of the -
se shrub species into existing agronomic practices and grazing systems may prove problematic
as constraints such as social acceptance and the long period of establishment (requiring no graz-
ing during the first two years) can significantly reduce the value of the extra dry matter produced
leading to more moderate improvements in the system production.
2. Cactus as a multi-purpose species
Opuntia ficus-indica (L.) Mill. (OFI) is a xerophytic cactus species, widely cultivated in arid and
semi-arid regions worldwide. OFI have developed phenological, physiological and structural adap-
tations for growth and survival in arid environments where severe water stress hinders the survival
of other plant species. Among these adaptations, the asynchronous reproduction and Crassu -
lacean Acid Metabolism (CAM) metabolism of cacti, which combined with structural adaptations
such as succulence, allow them to continue the assimilation of carbon dioxide during long periods
of drought reaching acceptable productivity levels even in years of severe drought. Their root char-
acteristics which help avoid wind and water erosion, encourage their growth in degraded areas.
The establishment of sustainable production systems based on cactus may contribute to the food
security of communities in agriculturally marginalized areas and may led to reductions in soil
degradation. Cacti are some of the best plants for the rehabilitation of degraded arid and semi-arid
areas because they resist scarce and erratic rainfall and high temperatures and provide valuable
animal feed (Nefzaoui et al., 2013). The reasons behind the diffusion of cacti include:
• simple cultivation practices required to grow the crop,
• rapid establishment soon after the introduction in a new area,
• ability to grow in harsh conditions characterized by high temperature, lack of water and in -
fertile soils,
• generation of extra income from the much valued fruits, and
• use of cactus pads in human diets and as fodder for the livestock.
Cactus forage has high palatability and digestibility, and reduces the water requirements of ani-
mals. However, OFI pads have low crude protein (20 to 50 g/kg DM) and low crude fiber (80 to
150 g/kg DM) contents, and they have high water (800 to 900 g/kg fresh weight) and ash (150 to
250 g/kg DM) contents (Nefzaoui and Ben Salem, 2002). They are rich in readily available car-
bohydrates and vitamin A, but need to be supplemented with nitrogen. OFI is very useful and cost
effective supplement for other poor quality diets, such as for raising sheep and goats on range-
lands. The intake of straw from cereal crop residues increases significantly with the increase in
cactus in the diet for sheep and goats (Nefzaoui et al., 1993). Water scarcity depresses feed
intake, digestion, and weight gains of sheep and goats, and therefore, supplying livestock with
water during summer and drought periods is crucial in hot arid regions. Therefore, the high water
content of cactus is a solution for animal rearing in dry areas. In fact, animals given abundant
supplies of cactus cladodes require little or no additional water (Nefzaoui and Ben Salem, 2002)
and consume considerably less energy to reach water points.
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3. Rangeland rehabilitation using “landscape depressions”
Landscape depressions are broad, often dry basins, or wadis (valleys) and gentle landscape low-
lands that exhibit localized and unique edaphic and hydrologic properties and elevated vegeta-
tion productivity.
These lowlands have the potential to play an important role in the sustainable intensification and
diversification of pastoral production and are a favourable environment for biodiversity conserva-
tion. This is primarily due to their specific ability to accumulate soil and nutrient deposits through-
out the soil profile. These areas present an ideal habitat for production of food (eg. dual purpose
cereals) and feed (eg. fodder shrubs) crops. Despite this potential, the current sustainable use of
lowlands in the arid and semi-arid rangeland areas is still limited. This is mainly due to the contin-
uous heavy grazing and aggressive agricultural activities (continuous barley cultivation without
rotation) which resulted in excessive ecological degradation within these sensitive environments.
A recent study focusing on sustainable development of lowlands demonstrate that if these re sour -
ces are managed properly (through rotational grazing and allowed to recover without being culti-
vated), they can provide a valuable source of feed for livestock, especially during the dry season
when resources are often limited while preserving the natural resource base. When compared to
the farmer practices (continuous grazing), versus improved grazing systems (i.e. rotational graz-
ing), the results were astonishing. The productivity of the protected lowland sites in northern Syria
averaged > 2 t/ha/y (Figure 2) and plants density was 28 folds higher in protected compared to the
continuously grazed landscape areas (Figure 3). Plant diversity was also higher than that of the
continuously grazed depressions (Figure 4) which were colonized and dominated by the invasive
and unpalatable species Peganum harmala (Figure 2) (Louhaichi et al., 2012).
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Fig. 2. Biomass production (g DM/m2) in protected site (light or no grazing for two con-
secutive years) compared to continuously grazed site. Aleppo Steppe, Syria.
4. Reviving extensive grazing systems
In the Mediterranean area, the livelihood of pastoral and agro-pastoral people depends largely
upon the rangelands which are the major feed source for their animals (Louhaichi and Tastad,
2010). Pastoralists, by definition, derive most of their livelihood from raising livestock on natural
forages or crop residues, rather than on specifically cultivated and stored fodder or fenced pas-
tures (Sanford, 1983). Pastoral communities have developed traditional knowledge of animal
husbandry and natural resource management and this knowledge has allowed them to endure
periodic severe droughts on their communally-managed rangelands. In fact, livestock mobility in
search of better fodder and water used to be a common practice in the southern and eastern Me -
diterranean regions. This is mainly due to restrictions imposed by local government, conversion
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Fig. 3. Differences in density (number of plants m2) in protected site (light or no grazing for
two consecutive years) compared to continuously grazed site. Aleppo Steppe, Syria.
Fig. 4. Shannon diversity index (H index) for protected site (light or no grazing for two
consecutive years) compared to continuously grazed site. Aleppo Steppe, Syria.
of best rangeland areas to cropland (expansion of cultivation) and also the impact of globalisa-
tion on pastoral way of life. The degree of mobility depended on flock/ herd size, and the location
of the family or village, as well as the amount of fodder produced in a given year.
The basic management problem for most pastoralists is that there is rarely enough grazing land
and water at one location to support the pastoral community. Many factors have resulted in
increased pressure on rangeland vegetation leading to widespread rangeland degradation: diffi-
culties in accessing remote places, feeds subsidized by governments (eg. barley grain), barley
cropping expanding onto rangelands, recurrent drought, failure to control stock numbers in the
pastoral areas, and major shifts in attitudes of pastoralists reflected in increasing interest in edu-
cating their children and benefiting from social services provided in towns and villages. Although
there are clearly social and ecological challenges for pastoral systems, there are also opportuni-
ties to increase productivity and sustainability, while reducing vulnerability to future changes in
climate, land use, political and economic factors. Wright (2014) and Louhaichi (2014) highlighted
key recommendations to sustain and promote the future of pastoralism in the world’s drylands
through adaptive measures including:
• Defending livestock corridors to maintain mobility.
• Building infrastructure such as roads, markets, and quarantine stations.
• Developing strategically placed water points for livestock watering to open up underutilized
areas for grazing.
• Dissemination of near real-time information about the condition and abundance of forage
resour ces and the availability of crop aftermath/fallow fields would facilitate the migration
process and increase efficiencies.
• Developing systems for identification and traceability of livestock.
• Improving animal health care and veterinary services.
IV – Conclusions
Despite the current challenges facing agro-pastoral production systems and the changing cli-
matic conditions of southern and northern Mediterranean regions, ecological intensification and
increased resilience can be attained through appropriate and adaptive management practices.
Forage legumes will continue to play significant role in sustainable crop-livestock production sys-
tems of the Mediterranean region. Introduction of shrubs and cactus as a multi-purpose species
in alley cropping system in natural lowlands (wadis) in southern areas could help agro pastoral-
ists better manage livestock feeding throughout the year, improve the natural resources and max-
imize their net income. More targeted rangeland rehabilitation activities, in particular the improve-
ment of the “landscape depressions”, may provide more rapid solutions for feed shortages. The
adjustment of flock management to successfully match local environmental and feeding condi-
tions with livestock requirements may improve the efficiency of agro-pastoral production systems.
Livestock as a tool of managing the environment may help improving the productivity of fodder
resources and their seasonal availabilities in northern Mediterranean areas.
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